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0 Improved method of packaging and sterilizing a pharmaceutical product. 



0 A method of filling; sealing and sterilizing a 
pharmaceutical package (10) including a poly- 
propylene bottle (20) containing a balanced salt solu- 
tion includes the steps of filling each bottle (20) to 
maximum capacity to exclude residual air, the in- 
troduction of a silicone rubber gasket (30) into the 
bottle cap (22) to absorb pressure and prevent leak- 
age during a steam sterilization procedure, and the 
enclosure of the filled bottles in a blister pack (50) 
before steam sterilizing. The blister packs have 
TyvekTM lids (60) and are placed blister-side-up dur- 
ing the sterilization process to eliminate deformation 
of the blister during sterilization. Maximum filling of 
the bottle with liquid and the substantial elimination 
r"Of air prevents dimpling of the bottle. 
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Reference to Related Application 



This application is a continuation of applicant's 
pending application, Serial Nunnber 137,436, filed 
on December 23. 1987. 



Background and Summary of the Present Invention 

The current state of the art in the provision of 
balanced salt solutions and saline solutions of the 
type used in surgical procedures is generally to 
package the solution in a polyethylene squeeze 
bottle /vhich includes an adapter that receives an 
irrigation cannula. The bottles must be sterilized 
internally and externally and are packed Individ- 
uaily in a preformed blister pack which is sealed 
with a TyvekTW lid. Because low<jensity polyethyl- 
ene melts at approximately 100* C it cannot be 
heat sterilized (heat sterilization requires a mini- 
mum of 121 * C). Therefore, the common practice is 
to aseptically fill the polyethylene bottles with a 
sterile solution, pack and seal the filled bottles in 
the blister packages, and expose each package to 
sterilization by ethylene oxide gas. Polyethylene is 
permeable to ethylene oxide and the above pro- 
cess results in some build-up of the gas in the 
sterile saline solution. When there is such a build- 
up, a chemical reaction takes place which results in 
the formation of ethylene glycol and ethylene 
chlorhydrin, both of which are potentially danger- 
ous irritants that are highly undesirable in eye or 
other surgical irrigation solutions. 

There have been some attempts to create a 
steam-sterilized package for saline solutions, but 
most of the known attempts have been commer- 
cially unsuccessful. One of the attempts which did 
receive some commercial recognition was a steam- 
sterilized process, but because of the special han- 
dling required by steam-sterilization the resulting 
product was a package that did not resemble the 
preferred squeeze bottle. 

The present invention is a method of filling and 
sterilizing an improved squeeze-type bottle which 
is packaged in a blister pack sealed with a 
TyvekTM lid before being subjected to a steam- 
sterilizing procedure. Polypropylene was the cho- 
sen material because it is known that poly- 
propylene lessens the transport of ethylene oxide 
into the sterile solution. Additionally, although the 
polypropylene does expand and contract during the 
stenlizaticn process and is known to soften to 



some extent at 121 * C. applicant has found that by 
using certain novel procedures in the filling and 
sterilization stages, a highly improved package and 
product which overcomes substantially all of the 
5 shortcomings and disadvantages to known pro- 
cesses is obtained. 

In addition to the use of polypropylene for the 
bottle and the cap, one of the novel steps in the 
present process is the introduction of a resilient 

70 silicone gasket or washer which is inserted into the 
threaded screw-type cap such that the gasket is 
positioned between the cap and the bottle top to 
absorb pressures which develop by expansion of 
the bottle and/or the cap. By absorbing these pres- 

75 sures, the silicone gasket prevents any deformation 
of the cap, of the cannula adapter, or the bottle, 
and substantially eliminates any leakage of the 
sterile fluid from the bottle during sterilizing. Al- 
though other rubber products might be used to 

20 form the gaskets, silicone is preferred because it is 
a pharmaceuticaily and medically accepted ma- 
terial known to be non-toxic. 

Another novel step in the process includes the 
use of a preprinted, self-adhesive backed polyester 

25 label that is applied to the bottle approximately 
twenty-four or more hours prior to the filling and 
sterilizing processes. The labels are designed such 
that they extend no more than two-thirds of the 
circumference of the bottle because it has been 

30 found that wrapping the label any further around 
the bottle results in creasing and crinkling of the 
label. Further, it has been found that when the 
labels are placed on the bottles at least twenty-four 
hours prior to filling and sterilizing, the labels dem- 

35 onstrate a marked improvement in adhesion to the 
bottle. 

With regard to the use of the polycarbonate 
blister pack sealed to a TyvekTM lid, the use of 
these products in a package which is going to be 

40 subjected to steam-sterilization requires certain 
modifications to the sterilization operation. Polycar- 
bonate is known to soften during application of heat 
and it has been found that the weight of the filled 
bottle is sufficient to cause the polycarbonate blis- 

45 ter to deform and on occasion to cause the 
TyvekTM seal to pop open. However, applicant has 
discovered that by placing the packages blister- 
side-up in the sterilization trays, the weight of the 
bottle is eliminated from the blister and thereby 

50 avoids damaging to the blister while the package is 
in the sterilization tray. The trays which are used 
during the sterilizing process are preferred to be a 
stainless steel wire mesh. The wire mesh is desir- 
able in order to drain away as much of the con- 
densed water as possible and stainless steel is 
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preferred because of the ease of sterilizing the 
non-corrodable trays. When water does not drain 
away, the TyvekTM seals do not tolerate long im- 
mersion and break away from the polycarbonate 
blister. Further treatment to the TyvekTM involves 
the "zone-coating" of adhesive in the area where 
the TyvekTM is in contact with the polycarbonate 
blister. By eliminating adhesive coating from the 
entire free portion of the TyvekTM surface (that 
portion not in contact with the blister pack), the 
porosity of the TyvekTM is not damaged and steam 
and air can flow into and out of the blister pack 
during the sterilization procedure. 



Description of the Drawings 



Figure 1 is a perspective view, with parts 
broken away, of the pharmaceutical package de- 
scribed herein: and 

Figure 2 is an exploded perspective view of 
the bottle shown in Figure 1 . 



Description of the Preferred Process 

The preferred method of preparing and steriliz- 
ing the pharmaceutical package 10 described 
above is comprised generally of the following 
steps. The bottles 20 which are being filled are 
preferably of a semi-rigid squeeze-type nature and 
are preferably made of a polypropylene material. 
The lids or 22 caps are also preferably formed of 
polypropylene, although it is recognized that there 
are other polymeric materials which might be suit- 
able for the bottles and the caps. It is also recog- 
nized that while the present application is generally 
directed to the preparation of a sterile saline solu- 
tion package, the process described herein might 
be found suitable for use in preparing other types 
of pharmaceutical packages. Where other phar- 
maceuticals and solutions are contained, bottles 
formed of materials other than the herein described 
polypropylene might be preferable if the materials 
are more compatible with the product contained 
therein. 

The initial step in the preferred process is 
preparing a plurality of polypropylene bottles 20. or 
bottles compatible with the product being contain- 
ed therein, by applying labels 24 to each of the 
bottles. It is preferred that the chosen labels be 
applied to the bottles a minimum of twenty-four 
hours prior to the filling and sterilization process. 
Application of the labels 24 many hours in advance 
improves the adhesion of the label to the bottle 
before it is exposed to the steam-sterilization pro- 



cess. The preferred label 24 is a self-adhesive- 
backed polyester label of a width sufficient to ex- 
tend approximately two-thirds around the outer cir- 
cymference of the bottle. When the label extends 

5 more than two-thirds around the bottle, it has been 
found that the label is subject to wrinkling and 
creasing of the label when the steam-sterilisation is 
applied. While it is possible that the label might 
extend less than two-thirds around the circumfer- 

10 ence of the bottle, it is preferred that it extend no 
more than two thirds. Polyester labels are of the 
type preprinted with the required identifying in- 
formation thereon, according to conventional meth- 
od. 

75 The next step in the process is the preparation 
of the polypropylene caps for each of the bottles. 
The caps are preferably of a threaded (as at 26a, 
26b) screw-type in an appropriate size. Preparation 
is carried out by the insertion of a silicone rubber 

20 gasket 30 or washer into the top of the cap. While 
it is. possible to place the washer on the bottle and 
screw the cap down onto the bottle and the wash- 
er, this approach has found to result in a higher 
rate of defective packages. As mentioned above. 

25 other rubber or polymeric materials might be used 
to form the washer or the gasket 30, but it is known 
that silicone is an acceptable material in medical 
and pharmaceutical products because silicone is 
non-toxic. It is critical that any other material which 

30 might be selected for use be non-toxic and non- 
degradable during a steam-sterilization procedure. 

In processes that have been used previously, it 
was found that polypropylene undergoes significant 
expansion and contraction during the sterilization 

35 process. This increased the likelihood of loose 
caps and leakage of material out of the bottle at the 
end of the processing. 

The introduction of the rubber gasket between 
the screw-cap and the bottle absorbs pressures 

40 developed by expansion and contraction and pre- 
vents deformation of the cap 22, the cannula adapt- 
er 40, or the bottle 30 and substantially eliminates 
any problems with leakage. After the bottles are 
labeled and the caps prepared, the uncapped bot- 

45 ties are placed in an upright position in a tray 
preparatory for filling. In the average packaging 
operation, as many as several hundred of the bot- 
tles are placed in each of the trays and moved 
from the labeling area to the filling area. At that 

50 point each of the bottles is individually filled to the 
maximum point-even ' to the creation of a slight 
overflow. Filling to a maximum degree eliminates 
air being trapped in the bottle. Where air is re- 
tained in the bottle after filling and capping which is 

55 a problem typical with prior art processes, the 
trapped air will expand and can produce a pressure 
greater than the over pressure created during the 
steam-sterilization cycle. This pressure causes an 



expansion of the softened polyproplene bottle. 
After the bottle cools, the expanded areas form 
dimples to a degree which is directly related to the 
amount of air in the bottle. In the present process 
the elimination of trapped air in the bottle elimi- 
nates the dimpling factor. 

After filling, the trays of bottles are moved to a 
location where a plug-type adapter 40 is inserted 
into the neck of each bottle. Insertion of the adapt- 
er 40 (used as a cannula or for receiving a con- 
necting cannula) forces out excess liquid but 
leaves the bottle totally full. After the adapters are 
inserted, one of the prepared caps with the silicone 
washer therein is placed on each of the bottles and 
tightened by conventional method. The bottles are ' 
then externally rinsed and dried and inspected for 
defects. 

The filled and capped bottles are then placed 
in a polycarbonate blister 50 of a conventional 
type, and the blister is sealed with a non-woven 
textile material lid 60. The lids on seals 60 are 
placed on the blisters by use of a "zed" lidding 
machine of a conventional type. However, the non- 
woven textile material, TyvekTM, forming the lid 60, 
is not coated all over with an adhesive to sea! it to 
the blister pack. Rather, the adhesive, or coating 
material illustrated at 70, is applied only to the area 
of the lid 60 which will be in contact with the 
polycarbonate blister. The uncoated, center portion 
of the lid is necessary to allow permeation of the 
lid by steam and air during the steam-sterilization. 
To further improve the movement of steam and air 
into and out of the packages, the sealed packages 
are placed in stainless steel, wire mesh sterilizing 
trays. The wire mesh permits the condensed water 
from the steam cycle to drain away and thereby 
improve the drying time of the packages and pro- 
tect the seal from opening due to excess moisture, 
vyhen the packages are placed in the sterilizing 
trays, they are placed blister-side-up in order to 
eliminate the weight of the bottle from the polycar- 
bonate blister. When the packages are placed with 
the blister down and the weight of the bottle on the 
blister, the weight of the bottle is sufficient to 
deform the softened blister, frequently to the point 
where the seal opens. A further problem with plac- 
ing the blister downward is the fact that as the air 
cools in the package the cooler air does not diffuse 
upwardly through the TyvekTM lid. The use of the 
present process, however, allows the water to flow 
through the wire mesh tray and area 66 of the 
cooler air within the package to diffuse through the 
non-woven material which is not coat d beyond the 
area of contact to the .polycarbonate blister. 

After the packages are arranged irf the wire 
mesh trays, the trays are inserted in the autoclave 
where they are sterilized by use of an overpres- 
sure, steam sterilization technique. An overpressure 



feature in a sterilization cycle is a technique 
wherein compressed air is introduced into the auto- 
clave system at a level of approximately twenty- 
five psi to thirty psi while maintaining the steam 

5 temperature at approximately 121 * C. A fan is also 
used in the autoclave to ensure total mixing of air 
and steam. While this system has been used for 
sterilization of other types of packages, it is pre- 
viously unknown for use with semi-rigid, squeeze- 

70 type bottles. The sterilization process is continued 
on an automatically controlled basis for a predeter- 
mined time period. After sterilization is complete, 
the trays of packaged bottles are withdrawn and 
placed in a drying room for several hours. At the 

IS end of the drying period the individual packages 
are inspected for defects and are then stamped 
with lot numbers and expiration dates. Packages 
are then packed into crates or cartons and are 
ready for shipping and distribution. Obviously, sam- 

20 pies are taken throughout the process and the 
sample materials subjected to full analyses for ste- 
rility and pyrogen tests to ensure that quality and 
F.D.A. standards are complied with. While a pre- 
ferred embodiment of the process has been de- 

25 scribed above, it is not intended to limit the inven- 
tion which is defined in the claims below. 



Claims 

30 

1 . A method of preparing and sterilizing a phar- 
maceutical package comprising a semi-rigid, 
sqyeeze-type bottle containing a selected phar- 
maceutical liquid product; said method including 
35 the steps of: 

a) preparing in a predetermined period of 
time prior to the filling operation, a plurality of 
bottles formed of a material compatible with the 
product to be contained therein, by application of a 
40 self-adhesive label having a width sufficient to ex- 
tend a prescribed distance around the circumfer- 
ence of said bottle; said label being made from a 
prescribed material and having the required iden- 
tifying indicia printed thereon; 
45 b) preparing a cap for each of said bottles 

by inserting an appropriately sized washer into the 
top of said cap; said washer being formed of a 
non-toxic expandable material and serving to ab- 
sorb expansion of said bottle and cap during sub- 
so sequent sterilization and to eliminate leakage there- 
from; 

c) filling the individual bottles with the selec- 
table pharmaceutical product, ensuring that each 
bottle is filled to capacity and liminating residual 
55 air in the bottle or bottle neck; 
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d) inserting a plug-type adapted into the 
neck of each bottle, forcing out excess liquid; said 
adapter being of the type used for connecting the 
pharmaceutical package to a cannula or other such 
medical apparatus; 

e) placing one of said prepared caps with 
said washer therein on each of said bottles and 
tightening by prescribed means; 

f) forming a package by inserting each of 
said bottles into an individual blister pack formed of 
a prescribed polymeric material suitable for use in 
a steam sterilization procedure; and sealing each of 
said blister packs along the open side thereof with 
a closure lid made from a non-woven material 
having the characteristics of being fluid permeable 
and capable of withstanding and remaining sealed 
during a steam-sterilization procedure; 

g) placing each of said packages blister- 
side-up' in sterilizing trays formed of a wire mesh 
material, removing the supported weight of the 
enclosed bottle from the blister; 

h) sterilizing said package using an over- 
pressure steam-sterilizing technique, at a pre- 
scribed temperature and pressure; and 

i) removing said packages to a drying room 
and allowing to dry before inspecting and preparing 
for shipping. 

2. A method of preparing and sterilizing a phar- 
maceutical package according to claim 2 wherein 
said bottles and said caps are formed of a selected 
polypropylene material. 

3. A method of preparing and sterilizing a phar- 
maceuticai package according to claim 1 wherein 
said step of applying a self-adhesive label a pre- 
scribed distance around said bottle is limited to a 
label which extends no more than two-thirds ar- 
ound the circumference of the bottfe! ' 

4. A method of preparing and sterilizing a phar- 
maceutical package according to claim 2 wherein 
said material for said labei is polyester, 

5. A method of preparing and sterilizing a phar- 
maceutical package according to claim 1 wherein 
said washer which is placed in the top of said cap 
is made from silicone. 

6. A method of preparing and sterilizing a phar- 
maceutical package according to, claim 1 wherein 
said blister pack is formed of a polycarbonate 
materials. 

7. A method of preparing and sterilizing a phar- 
maceutical package comprising a semi-rigid 
squeeze-type bottle containing a selected phar- 
maceutical liquid product, said method including 
the steps of: 

a) filling a resilient polymeric bottle vyith the 
selected pharmaceutical product to the point that 
each botlie is tilled to capociry so as to eliminate 
any residual air in the bottle or the bottle neck, said 



bottle formed of a material that will withstand steril- 
izing temperatures of 121 * C without deforming and 
with substantially no leakage of vapor through the 
walls thereof; • 

5 b) inserting a plug-type cannula adapter in 

the neck of each bottle while forcing out excess 
liquid and maintaining the bottle completely filled, 
said adapter being of the type used for connecting 
the pharmaceutical package to a cannula or other 

10 such medical apparatus; 

c) capping the bottles with a cap and insert- 
ing a washer formed of a non-toxic, resilient ma- 
terial between the inner surface of the top wall of 
the cap and the rim of the bottle to absorb pres- 

75 sures developed by expansion of said bottle and 
prevent deformation of the cap and bottle during 
subsequent steam-sterilization , thus eliminating 
leakage therebetween; 

d) forming a package by inserting said bottle 
20 into an individual blister pack formed of a pre- 
scribed polymeric material suitable for use in a 
steam-sterilization procedure and sealing each of 
said blister packs along the open side thereof with 
a closure lid made from a non-woven textile ma- 

25 terial having the characteristics of being steam- 
permeable^, and. capable of withstanding and re- 
maining sealed to said polymeric material during a 
steam-sterilization procedure; 

e) sterilizing said package at temperatures of 
30 at least I2l'c and pressures of greater than 15 

pounds per square inch. 

8. The method according to claim 7 wherein 
the filling step is conducted on a translucent bottle. 
35 9, The method according to claim 7 wherein 

said filling step is conducted on a polypropylene 
bottle. 

10. The method according to claim 7 wherein 
the capping operation includes the use of a cap 

40 formed of the same material as said bottle, 

1 1 . The method according to claim 9 wherein 
the capping operation includes the utilization of a 
cap formed of polypropylene. 

12. The method according to claim 7 wherein 
45 the capping operation includes the insertion of a 

washer formed of silicone rubber, 

13. The method according to claim 7 wherein 
the step of forming the package includes inserting 
the bottle into a blister pack formed of a polycar- 

50 bonate material. 

14. The method according to claim 7 and fur- 
ther including a preliminary step of applying a 
polyester label having prescribed identifying indicia 
printed on the inner surface thereof extending a 

55 prescribed distance around the circumference of 
said bottle. 



